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"  yY/LC ¡1 BAG HP) 


Ss = ZA 27 M 
oo=__)  _ = 3535.53 rad/s 
y (0.5 H(0.16 uF) 
5 _ 3535.53 rad/s — 562.7 Hz 
27 27 
w; = A. A 21,880 rad/s 
y(0.28 mH)(7.46 uF) 
f= es _ 21,880 rad/s _ 3482.31 Hz 
27 27 
E 20 mV 
I= === 10 mA 
Za Tu s 


V, = IR = (10 mA)Q 2) = 20 mV = E 
V, = IX, = (10 mA)(40 1) = 400 mV 
Vo = IX¿ = (10 mA)(40 2) = 400 mV 
V, = V¿= 2 V, 


X. 4092 
= LZl=z _ =2 h 
O, ñ 30 (high Q) 
X 
X, =21,L= E =_2%- -127m 
2af  — 21(5 kHz) 
1 1 1 
— = O a + 0.7 F 
Cc ZAfc ZU X 25 KHz)G0 1) did 


pw= % - 5XHz _ 250 p, 


O, 20 
o ff + E 5x2 + LOL — 5.125 kB 
A=f- DL =5km- 2222 = 4.875 kHz 


BW = f/Q, = 6000 Hz/15 = 400 Hz 
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BW 


b. f=f+ == = 6000 Hz + 200 Hz = 6200 Hz 
BW 
==> =7- = 6000 Hz — 200 Hz = 5800 Hz 


X 
e. Q= F] > XL, = QR = (15)68 0) = 45 = Xq 


do Papp= 2P,, = ¿ PR) = ¿0.5 A)? 32 = 375 mW 


2 
Ta  BW= a > Q. = f/BW = 2000 Hz/200 Hz = 10 
S 
Xz 
b. 0,= HZ =X.=0R= (1000) =200 
Xz 20 2 
 L1=L=-_2%% _- 15m 
i 2af (628% KHz) Ñ 
1 


a l e 
o NAC 


d. fi =f + BW2 = 2000 Hz + 100 Hz = 2100 Hz 
A =f, — BW/2 = 2000 Hz — 100 Hz = 1900 Hz 
Lu 500 mA 


BW = f/0. > 0, = £/BW = 8400 Hz/120 Hz = 70 
me => X, = QR = (70110 2) = 700 2 


X 
L 700% __ -13.26mH 


f =f, + BW/2 = 8400 Hz + 120 Hz/2 = 8460 Hz 
A =$, — BW/2 = 8400 Hz — 60 Hz = 8340 Hz 


6 
loa f=2=2X10 m0 - 1 mpz 
2í 27 


LF 


S 


=0.16>BW=f -—f, =0.16f, = 0.16(1 MHz) = 160 kHz 
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v 
e. - Ror= 2-02 _2200 
R 13 20 W 
Bw= %* >= ._72% _-01602m 
2rL 21BW (6.28)1(160 kHz) 
fa e A A - = 35.37 pF 
2 /LC 4rPfL  4x*(10% Hz)?(0.7162 mH) 
X X, 2 6 
dad 0Q=%A=00r= A. AL _ 21(10% Hz)(0.7162 mH) _ 56 25 9 
R, 80 “80 "TREO 7 
13. a == A_<2____ 1 159.155 kHz 
2 /LC— 2xy4(0.1 mHI(10 nF) 
b. 
amv 


SE + 
I 2mA 2x0 2”“*2 Y -4V 


_VYL_4vVv _ 4v 
X,  2Íf 1002 


_VYL_ 4v _ 4v 
Xc 1/21f,C 1002 


d. O = ze = LR 90 
Pp AL, 25 fp L 1 Q 
1 E 1 
IS. a. f= —m * ———— = 11,253.95 Hz 


2 LC 27/(0.1 mHQ yF) 


X, _21fL — 25(11,253.95 Hz)(0.1 mH) 


bo Q= E UE a 2:011,253.95 HO-L mBD 1.77 0w Q) 
Ry Ry 4 Q 
R¿C (4 oy 2 pF 
C Í, =f, |1 - +7 = 11,253.95 Hz |1 - Omar = 11,253.95 Hz(0.825) 


9,280.24 Hz 


0.1 mH 


2 
11,253.95 Hz |1 - nE 2) 2 a 


11,253.95 Hz(0.996) = 10,794.41 Hz 
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d. X, = 25 = 27(9,280.24 Hz)(0.1 mH) = 5.83 Q 


1 1 
CO ZAC  21(9,280.24 HQ AF) 
Pp 


E 


2 2 
_R¿+X, _ (40) + (5.83 0? 


= 12. 
R; 40 id 


e. Zy = R,|R, = R, | 


f V¿=IZy, = (2 mA)X12.5 0) = 25 mV 


XL _ 2tfL _ 25(9,280.24 HzJ(0.1 mH) _ 


a Si R = o [() = — RN — JON INE Rs o A A 
g ince R, O, O, R; R; 21 1.46 
pw= /P. - 9,280.24 Hz _ ¿356 kHy 
O, 1.46 
y 
hb lp=-=25Y - 2.92 mA 
Xo 8371 
v v 
A a A A 


Zrz  R¿+jX, 49+5583Q 7.07 Q 
17. a. 0, = = = TH = 15 (use approximate approach): X¿ = X, = 30 Q 


b.  Zy = R.l|07R, = 450 2] (15 2 2 = 450 2 [450 2 = 225 £ 


c. E=IZr =(80mA 40”)(2251 40” =18 V Z0' 


E 18 V ZO” 
Il, = = 5 =0.6A 290" 
CC X¿L 90” 308 Z-90* 
E 18 V Zo” 18 V ZO" 
| ER PA PR A A Ñ 
Lo" Ze 20+330% 30.07 2 86.19” dd .. 
de XX =2m8L1=L- 0 _-0239mH 
24,  2(20 x10* Hz) 
1 1 1 
X, = A A A A 
2xf, C 2 AC  2x(20 x10% Hz)(30 21) 
e 9= 225075 39 Le 20.000 H2 2.67 151, 
P" "YX, 308 O, 7.5 
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19. 


21. 
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E: 1 -7.118kBz 


2 LC i 21/(0.5 mH(1 EF) 


2 
R¿C (8 DA pP) 647 kHz 
Sp ds L : 0.5 mH 38) 6 


2 
qe eos! = 7.118 kHz (0.9839) 


4| 0.5 mH 
= 7 kHz 

X, = 25f,1 = 21(6.647 kHz)(0.5 mH) = 20.83 £ 
y A A 

21fC  2x(6.647 kHzX(1 yF) 

Ro + Xp, (8 0)? + (20.88 0)? 
Zy, =R¿|R, = R,l| —— = 500 022211" =500 262.52 
R; 8 2 
= 55.56 02 
lr, 55.560 
= O ARA 2.32 

2, X, 23.940 

fp _ 6.647 kHz 
BW= 2 =201 2 - 2.865 kHz 

O, 2.32 
One method: V¿ = IZ, = (40 mAJ)G5S.36 Q) = 2.22 V 
Ve _ 2.22V 
lp= == L%-“ = 92.73 mA 
C" Xe 23.940 Ñ 
Vd 2.22 V 2.22 V 

I, = Ya _ = LA LL <= 99,28 mA 
= WR. +JX] E-+>y2088) 22.36 0 
Q0,=20>10..£=f = l 21 __ - 3558.81 Hz 


21LC  21/(200 mHI(10 nF) 


X 
O) = 2-20 y . 2 ARO 23610 


R; Ri “70 20 
Zy, =R, |[R, = R,l| 05R, = 40 kQ || (20) 223.61 £ 


Pp 
V¿ = IZy, = ($5 mA)(27.64 kQ) = 138.2 V 


P = PR = (5 maA)?27.64 k2 = 691 mW 
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pw-= % . 3558.81 Hz _ 575 86 uy 
O, 6.18 


Ps IÓ E 2 
3. a X= —_—>X -—XX¿+Ri=0 
Xí — 100 X, + 144 =0 


x, — (100) + y(100)? - 4(1)(144) 
y 


2 
Vos - 
502 + PAE 500 + 48.540 


X, = 98.54 N or 1.46 2 


_- AL _ 98.54 _g3»1 


io PI VE 
R; + Xx 2 2 
akel dx] (12 0)? + (98.54 9) 
R.||R R — 12 Q 
C 0, = A A £ = 
P XxX; Xo 100 2 


_ 40kQ//321.18 Q _ 804.66 Q _ 8.05 


o 100 2 100 2 
BW =f,/0, >f, = Q,¿BW = (8.05)(1 kHz) = 8.05 kHz 


d. Ve 


max 


= zz = (6 mA)(804.66 (1) = 4.83 V 


e: f = f, + BW/2 = 8.05 kHz + = 8.55 kHz 


fi, =5, — BW = 8.05 kHz - LEE - 7.55 kHz 


X, 2 2 
5. 0=3= sl = Ry = e HE 3.140 
f l l 


BW = £/0, = O, = fp¿/BW = 20 kHz/1.8 kHz = 11.11 


jl 1 1 
High Q.. f =f. = >C(= == 31.66 nF 
POE ALE 4rfL  4x?(20 kHz)? 2 mH 


R O, 11.11 
%=x mc ZAC” TO DATES E) 


R, = QiR, = (80) 3.14 £ = 20.1 k2 
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R = R,l|R, = 


Ek) R, = KERR _ (20.1 k0)2.793 k0) 
R, +R, R, -R  20.1Kk0- 2.793 kQ 


2. 1!  -_35165kHz 


2r/LC  2x1/(200 ¿HQ nF) 


X, _ 2x(251.65 kHz)(200 1H) 
e 5, PS PAE 81 SS 10 
Le R; 20 2 
“. f, =f, = 251.65 kHz 


Zy, =R, |O5R, = 40 kQ]| (15.81? 20 2 = 4.444 k0 


Z 
Rs OR, _ 4.444 k0 


= 3.244 k0 


= —— *  —— = 14.05 
2, XL 316.23 Q 
gw= Je - 251.65 KHz _ 17.91 kHz 
O, 14.05 
20 “Hi, 20 nF 
f, the same since product LC the same 
f, = 251.65 kHz 
X 
O, = £L _ 21(251.65 kHz)(20 4H) _ = 1.581 
R, 20 0 
Low Oy: 
2 
=f,|1 - = (251.65 kHz) |1 - L0 D"20 np) 
20H 
= (251.65 kHz)(0.775) = 194.93 kHz 
X, = 27f,L = 21(194.93 kH2)(20 4H) = 24.496 Q 
2 
_ Ri +X; _ (00M)? + (24.496 0)? _ 
A A A OA 
Pp R, 20 Q 
Zy, = R,[|R, = 40 kQ [50 2 = 49.94 2 
R 49.94 Q 
ER FAA A 
Cp X, 24.496 Q 
gw= Je - 194.9 kHz _ 95.55 kHz 
O, 2.04 
0.4 mH, 1 nF 
f, = 251.65 kHz since LC product the same 
X 
0 22 2H EMO) 2101 


2. f, =f, = 251.65 kHz 


Zy, = R.|07R, = 40 kQ || (31.627 20 2 = 40 k0 || (= 20 kM) = 


13.33 kQ 
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2 
Rsll0¿R, _ 13.33 k0 
X 632.47 Q 


Sp _ 251.65 kHz 
0, 21.08 


Q, = = 21.08 


BW = = 11.94 kHz 


Network L = 20 pH _ 100 x 107 


C 2 nF 
part (e) G* Es 110 
part (f) E = a = 400 x 10 
Yes, as = tio increased BW decreased. 
Also, v, = 
L/C ratio. 


IZr> and for a fixed /, Zr, and therefore V, will increase with increase in the 
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E 50 mV 
2. a X =302 b.  Zr=102 o = = 5 mA 
ñ C 7, Ñ Zy 100 pe 
d.  Vz=IR= (5mA)(10 2) = 50 mV = E 
V, = IX, = (5 mA)(30 2) = 150 mV 
Ve = IX¿ = GSmA)JGO0 0) = 150 mV 
V. = Ve 
X 
e p0=T-3%%-3dw09) f..  P=PR=(5mA)” 10 2 = 0.25 mW 
R 1008 
4 a f=TÑ—zat=-tL=____!)._ =39mH 
2 LC Qxrfy?C (271.8 kHz? 2 yF 
b. — X, =2xfL = 21(1.8 kHz)(3.91 mH) = 44.2 2 
AA 
20 2A(1.8 KHDG uP) 
XL e Xc 
c. E... = (0.707)(20 mV) = 14.14 mV 
Ems 14.14 mV 
— RR A — 01 A 
rms = q 5 E 
d.  P=PR= (3.01 may 4.7 2 = 42.58 yW 
e. Sy sl Pr = 42.58 pVA f. F, = 1 
X. 4420 
= 222 L 9.4 
8 l==Ñ*" 471 
pw= 2 - 18 KHz _ 191.49 Hz 
O. 9.4 


poned 


_ 472  _1|[( 479 1 4 
27 | 2(3.91 mH) 2| 13.91 mH (3.91 mHhQ PF) 


= [601.02 + 11.324 x 107] 
27 


1897.93 Hz 
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10. 


2 
md SEIS 


2r| 2L 2||L LC 
= [-601.02 + 11.324 x 10”) 
21 


1.707 kHz 
Pupp = is - > (42.58 W) = 21.29 yW 


X 
a L=ZL=_20% 3185 mH 
27  21(10% Hz) 
pgw= * = 34 = 250 Hz 
24L  21(3.185 mH) 
oro.= 2.240.202 _ 40 pw= Je - 10,000 Hz _ 250 yy 
5 RR Ss 0 0, 40 


b.  f£ =f,+ BW = 10,000 Hz + 250 Hz/2 = 10,125 Hz 
f, =f, — BW/2 = 10,000 Hz — 125 Hz = 9,875 Hz 


X _ 2002 
e. A FA 


a 1 PLL 2 O <A LO 


(1 LO%>—%, 90%) 


(6 A Z0*)(200 L 90%) 
= 1200 V 90" 
Vo = (1 LO*)N%, L-90*) = 1200 V Z-90* 


e. P=PR=(6A)75 = 180 W 
a.  BW= 6000 Hz — 5400 Hz = 600 Hz 


b. BW=f/0.>f,= Q.BW = (9.5)(600 Hz) = 5700 Hz 


X 
e.  Q= 5 >X, =X¿=0R = (9.572 2) = 198 
Xz 19 2 
o L=21<=<_2*Y__-—0.:531mH 
A 2af 25700 Hz) m0 
cal 2___ 1 >  -1.47pF 


2x0  2(5.7 KHZ)(19 0) 


X 
O. = Z X= QR = 200 8) = 40 8 = Xc 


BW = — =f, = Q.8W = (20)(400 H) = 8 kHz 


$ 


(Even) 
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1 
C = o o. 0.497 F 
TX 218 KH2I40 0) Ñ 


f, =f, + BW/2 = 8000 Hz + 400 Hz/2 = 8200 Hz 
f, = f, - BW/2 = 8000 Hz — 200 Hz = 7800 Hz 


Xy 
12. a. O; — Re 
X 
Ry = 22 - 2 - 25(1 MH2(100 4H) _ 59779 
O, 0, 12.5 
Rh-A. 1-02 
$5 0, 
o= 1 25- Xz _ 2xfL _ 2x(1 MBz)(100 4H) _ 628.32 0 
s 02 R R R R 
R = > = 125.66 
125.66 2 = Ry + 50.27 2 
and Ry = 125.66 2 — 50.27  = 75.39 2 
c Xr = E da X, 
e 2xfC E 
1 1 
= A II A —Á 253.3 F 
2a/X0  Za(1 MB2(628.32 0) a 
lo 1 
14. a  f= —— = ——— = 41.09 kHz 
2r/LC  2xy(0.5 mH)(30 nF) 
X 
b. O = 2 = 28E - 2741.09 KHZCO.S má _ 16.14 > 10 (yes) 


Ry Ry 8 2 
c. Since Q, 2 10, £ = f, = 41.09 kHz 


d. X, = 2x1 = 27(41.09 kHz)(0.5 mH) = 129.1 9 
1 


X= =——z=__— Ll 12910 
Z1f,C  Zx(41.09 kBz)G30 nF) 


e. — Zry = QíR! = (16.14? 8 2 = 2.084 k0 
Pp 
f.  V¿= IZy, = (10 mA)(2.084 kQ) = 20.84 V 


2- ¡07 > 10, 0, = O; = 16.14 
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16. a. 


18. a. 


(Even) 


X. 10092 


a O 

el R, 208 
2 2 
Xx _!toy.**X-_ (o + (00 0) _ 

o ga — os C AAA IEA PODA TA Fo —. 

Ri+xí *c Xy 100 0 — 

Ry + X; 10,400 2 
Zy =R,I]R, =R, 12 = 1000 0125 = 342.11 2 
l 


E = IZy, = (5mA 20")1342.11 0 40%) = 1.711 V ZO" 


E 1.711 V Zo 
=> E =101V 20 - 16.45 ma 290* 
le = ZO * 1040 2-90 pa 


Z, = 20 2 + j100 1 = 101.98 2 Z78.69* 


E _1111V 20” _ - 1678mA Z-78.69* 


== 
L” Z, 101.98 Q Z78.69* 


X. 
L= 21 =_10% _- 0.7% mH 

ide 27 (20 kHz) 
Gs las A = 76.52 nF 

7% 24(20 KHz)(104 0) 

R 342.11 Q 
He A IO 

== Xx 71070 


BW =$,/0, = 20,000 Hz/3.29 = 6079.03 Hz 


Ñ 2 4722 102.73 kB 


TE 2 /(80 ¿H)(0.03 pF) 


REC 2 
e e = 102.73 kHz l1 - 123 > a HE — 102.73 kHz(.99958) 
p 


102.69 kHz 


2 
RÍC 
fa =Sf. 11 -- Ea = 102.73 kHz(0.99989) = 102.72 kHz 


Since f. = 5, = f,, > bigh O, 


= e = 21(102.69 kHz)(30 uH) = 51.62 0 


$ E =_ 3! ____ 81669 
5770 21(102.69 kHz)x(0.03 ¿F) 


Xc 


in 


Xr 


104 Q 
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20. 


22. 
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Zr, 7 R; l OR; 


Zy, = 10 k |[(64.41)?1.5 2 = 10 k0 11.776 k2 = 1.51 k2 


Z 
RIOR, —Zr,  151k0 


_ = PP 2 192% <= 20.25 
- Xr X, 51.62 Q 
_ fp _ 102.69 kHz = 3.51 kHz 
0 29.25 
Eds _ 10KkQ(10 mA) _g49ma 


ONEÍREE, FRE PESA DA IE 
R. de OR; 10 kQ0 + 1.78 kQ 


Ig = 1, = Quy = (34.41)(8.49 mA) = 292.14 mA 


V¿ = IZy, = (10 mAX1.51 k0) = 15.1 V 


2 Z 
Ry + X, 
o 15:00 
Er, R, 
(S0 0)? + X? = (50 kQ)(50 2) 
X, = 1250 x 10% - 2.5 x 10 = 1580.3 2 
X 
o= 1.1803 -361>10 
Ra S0 
“. Xq = X, = 1580.3 2 
X, = Af L= f, = ZL _ 158032 157 
P— 21L  2x(16mH) 
A A | 
o A = 
2xf,C 2afXAc  21(15.72 kHz)1(1580.3 Q) 


Ratio of X¿ to R, suggests high O system. 


X, 
R; 


400 Q _ 


50 
8 2 


2 
_RslIR, _ RslQRe _ 20 kollí50? 82 _ 10k0_ 


AR DUTENTTED ARNO AE IN ASAS o 


xi xE 400 1 400 0 


es = Q,BW = (25)(1000 Hz) = 25 kHz 


= lr, = (0.1 mA)(10 kQ) = 1 V 


= 6.4 nF 
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e fa = 5, + BW2=25 kHz + 222 = 25.5 kHz 
f =f, — BWI2 =25 kHz - 222 = 24.5 kHz 
A. l ES 
A a  f= = 41.09 kHz 


2 LC i 211/(0.5 mH)(30 nF) 


tp =4s 


2 
peli 11F£ | aroormz | 1 - 1 [6 DO 00 | 
ne g 41 L 4 0.5 mH 
80 V Z0* 
bh 1= LY 20 =4mA /0.R.=20k0 
0x0 zo 5” s 
X 
oy = 2. 20 , 25(41 KHDOS MB _ 21.47 ich O coin 
2 p) 
R, + X; 2 2 
RI 2k £D> 0258 0 
O. = R,||R, SS Ry e 6 0 
2 Xp, R? + x? (6 M? + (128.81 0) 
A 128.81 Q 
¡ 
20 kQ 112.771 k2 2.434 k0 
= o 18.86 h 
129.09 9 129.09 9 (high 9,) 


0. Zp =R, [R, = 20 kQ [2.771 k2 = 2.434 k2 


d. — V¿= IZr, = (4mA)(2.434k0) = 9.736 V 


e  Bw=Z - 4 XK 217418 
O, “18.86 
£ X=_=-__1  -19390 
2xrf_C  27(41 kHz)G0 nF) 
v 
Ip= £ = 2158 Y - 75,25 ma 
Xo 129.390 
Vo _  9736V _ 9.736 V 


T A A A ss SS) A 
LR] G0+7128810 128950 Ñ 


(Even) 


2 
R?c > 
1 - 7 =4109kHz |1 - (6D 30 nF  _ ¿1 09 :H17(0.9978) = 41 kHz 
L 0.5 mH 


41.09 kHz(0.0995) 
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= IZr > Zy = Y 00 

Es 1er dl I 0.2 mA 
R.IR R R 
o 2. FE Pox =2=2% 3002 =x, 
ESSE A Y O, 30 

BW = 1/2 Je = Q,BW = (30)(500 Hz) = 15 kHz 

L 

- 2L__30%_ _318mH 
2xf — 21(15 kHz) 


R D=2=R 
O, = La(Ks E 0, 30 
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